Modeling of mould cavity filling process with cast iron in Lost Foam method Part 2. Mathematical model – Pouring rate by T. Pacyniak & R Kaczorowski
 
ARCHIVES 
of 
FOUNDRY ENGINEERING 
 
 
 
Published quarterly as the organ of the Foundry Commission of the Polish Academy of Sciences 
ISSN (1897-3310)
Volume 8 
Special Issue 
3/2008 
 
75 – 78 
 
16/3 
 
ARCHIVES of FOUNDRY ENGINEERING Volume 8, Special Issue 3/2008, 75-78  75
 
Modeling of mould cavity filling process with 
cast iron in Lost Foam method 
Part 2. Mathematical model – Pouring rate 
 
T. Pacyniak*, R Kaczorowski*
 
Department of Materials Technology and Production Systems, Technical University of Lodz ,  
Stefanowskiego 1/15, 90-924 Łódź, Poland 
*Corresponding author. E-mail address: tadeusz.pacyniak@p.lodz.pl, rafal.kaczorowski@p.lodz.pl 
 
Received 17.07.2008; accepted in revised form 01.09.2008 
 
 
Abstract 
 
In this work pouring rate equation for cast iron in lost foam process was shown. For description of this phenomenon the motion 
dynamic equation was used. Pressure affecting the liquid cast iron surface was described using Bernoulli formulae. Numerical simulation 
results were analyzed with respect to permeability, refractory coating thickness and foamed polystyrene pattern density influence on 
pouring rate.  
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1. Introduction 
 
Phenomena connected with mould cavity filling in lost foam 
process are much more complicated than those in classic foundry 
techniques such as casting in sand moulds. On pouring rate the 
main influence has the pressure distribution affecting the surface 
of liquid metal flowing through mould cavity. Pressure inside the 
gas gap connected with gasification of the pattern counteracts the 
metallostatic pressure resulting from metal column in the gating 
system. This pressure inside the gas gap is related to gas quantity 
arising during thermal degradation of the polystyrene pattern, 
increasing with the increase in polystyrene density [1], quantity of 
gas flowing through refractory coating – what is connected with 
coating permeability [2, 3] and its thickness. Gas pressure is also 
related to gas gap size, described in part 1 of this work, connected 
with foamed polystyrene gasification kinetics. Metallostatic 
pressure depends on shape, dimensions and position of the gating 
system. In this work dimensions of the gating system dimensions 
was not taken into consideration. In all numerical simulation one 
type of gating system was assumed.  
2. Mathematical model 
 
2.1. Assumptions  
 
For determination of relation describing the pouring rate 
following conditions were assumed: 
  pouring of the mould proceeds with use of bottom gating 
system, 
  during pouring entire gating system is filled with liquid 
alloy. 
 
In fig. 1 the model of liquid cast iron filling the mould cavity 
is shown, with the most parameters and coordinating system 
indicated.   
Fig. 1. Model of mould cavity filling with liquid cast iron 
 
2.2. Rate of the liquid cast iron surface rising 
 
To determine the rate of liquid metal surface rising the dynamic 
equation of motion was used:  
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  -  acceleration of the crystallization front for cast iron,  
m/s
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P  -  resultant pressure acting on liquid cast iron, Pa 
A  -  surface area of liquid cast iron, subjected to pressure 
(pattern cross-section area), m
2. 
 
Weight of the liquid metal is equal to sum of metal in the main 
gate, running gate and in mould cavity, what can be written as: 
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Pressure affecting the liquid cast iron surface was described using 
Bernoulli formulae, in which resultant pressure P acting on liquid 
metal is equal to metal column pressure inside the mould cavity, 
gas pressure above the liquid metal surface (inside the gasous 
gap), pressure resulting from hydraulic resistance of flowing 
metal, pressure of metal column inside the main gate and 
atmospheric pressure.  
 
 (3) 
 
Pressure losses are proportional to square of metal flow rate and 
duct length inside which the metal flows and inversely 
proportional to its hydraulic diameter, what can be written as: 
 
 (4) 
 
These losses are equal to sum of losses in main gate, running gate 
and mould cavity: 
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After using the equation for  continuity of the stream it can be 
written:  
 
met mod wd wd wg wg A A A ϑ ⋅ = ϑ ⋅ = ϑ ⋅ , (6) 
 
with use of formulas for hydraulic diameter of the ducts, which 
are described as ratio of duct surface area to its wetted perimeter 
and substitution to equation (5) following relation was obtained: 
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Substituting equations (2), (3) and (7) to the dynamic equation of 
motion (1) second order differential equation was obtained, which 
after substituting 
τ
= υ
d
dymet
met , can be transformed into system 
of first order differential equations: 
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In presented equation the unknown is the gas pressure Pg inside 
the gas gap. It can be determine with use of equation described in 
part 3 of this work.  
 
 
3. Numerical simulation studies 
 
3.1. Range of numerical simulation studies 
 
Numerical simulation studies was conducted for pattern with 
geometry shown in fig. 2. of part 1 of the work. Conducted 
studies enclosed changing parameters: coating permeability in 
range of  , coating thickness in range of 
 and polystyrene pattern density in range of  
. Moreover, for numerical simulation   
additional parameters were assumed: cast iron density 
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, sand bed thickness  , 
temperature of liquid cast iron  , pressure inside the 
mould   and thermo-physical properties of 
polystyrene described in part 1.  
 
 
3.2. Analysis of numerical simulation results 
 
The density of the pattern is one of the most important factors 
influencing the mould filling process in lost foam method [4]. In 
fig. 2 and 3 influence of pattern density on rate of metal surface 
raising was shown. Analyzing these diagrams, it can be observed, 
that in case of pattern low density the metal flow rate increases 
and for density ρmod of 10 kg/m
3 the rate reaches value of about 
22 cm/s at the beginning of pouring. Next, the rat dramatically 
drops to the value of 14 cm/s.  
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Fig. 2. Changes in rate of metal surface raising for different 
pattern density ρmod 
 
Significant difference between initial and final pouring rate results 
in variable condition of pattern gasification, what can lead to 
variable properties of casting along its height [5]. 
Application of patterns with density above 25 kg/m
3, causes 
decrease in pouring rate below 8 cm/s and for foamed polystyrene 
with density of 40 kg/m
3 even below 5 cm/s (fig. 3). 
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Fig. 3. Relation between average rate of metal surface raising and 
pattern density ρmod. 
 
Permeability of refractory coating applied on foamed 
polystyrene pattern is one of the most important factors 
influencing the pouring rate [6], what was confirmed by obtained 
results shown in fig. 4 and 5. It can be seen, that for the lowest 
values of permeability the maximum pouring rate has value of 
4 cm/s and corresponding pouring time is 5,5 s. With growing 
permeability, the pouring rate increases, reaching maximum value 
of 27 cm/s for permeability  . As can be 
seen, low values of permeability cause increase in pouring time 
and as a consequence can lead to incomplete  filling of the mould 
cavity.  
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Fig. 4. Changes of metal surface raising rate for different 
refractory coating permeability Kpok 
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Fig. 5. Relation between average rate of metal surface raising and 
refractory coating permeability Kpok
 
Besides the refractory coating permeability on mould filling 
process in lost foam method a significant influence has also the 
coating thickness [7, 8], because with growing thickness the 
filtration distance for gases increases and their removal is much 
more difficult. It has been confirmed by simulation results. In 
fig. 6 and 7 the influence of coating thickness on pouring rate is 
shown. It can be seen, that with increase of refractory coating 
thickness the pouring rate decreases what results in higher 
pouring times. It must be pointed out, that between thickness Lpok 
of 0,3 and 0,6 mm there is almost twice a difference in pouring 
rate. Changes of thickness have the significant influence on mould 
filling process and because of that it is critical to obtain coating 
with equal thickness over entire pattern surface [9].  
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Fig. 6. Changes of metal surface raising rate for different 
refractory coating thickness Lpok
 
For better illustration of thickness influence on average pouring 
rate diagram shown in fig. 7 was prepared. It can be seen, that 
pouring rate higher than 8 cm/s, can be obtained for refractory 
coating thickness lower than 0,75 mm. 
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Fig. 7. Relation between average rate of metal surface raising and 
refractory coating thickness Lpok
 
 
4. Summary 
 
Presented studies on numerical simulation of lost foma 
process phenomena enabled analysis of pattern density, coating 
permeability and coating thickness influence on changes in 
pouring rate, which value is critical for proper mould filling with 
liquid metal. From obtained results it can be concluded, that 
application of coatings with permeability above 
 and coating with thickness lower than 
 enabled obtaining pouring rate above 8 cm/s. Such 
values of pouring rate can be also obtained with use of patterns 
with density lower than  . Application of higher 
pouring rates enables proper mould filling and manufacturing of 
thin-walled castings with complicated shape. 
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